
- 1 -  

Semi-Annual Status Report 

Period January 1, 1969 to June 30, 1969 

HASA R'ESIMRCH GRANT 

Investigation of the  Basic Foundation of Masers and Lasers 

Princ i p  a1 Snves t i ga t  or ; 

& Yale University 
New Haven, Connecticut 

August 19, 1969 



- 2 -  

STATUS REPORT 

This  s t a t u s  r e p o r t  of work on laser theory during t h e  

f irst  half of CY 1969 i n d i c a t e s  t h e  ac t iv i t ies  of each member 

of t h e  group. 

cooperat ion w i t h  t he  P r i n c i p a l  I n v e s t i g a t o r .  

These are t o  some degree carried out i n  
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P. Berman 

Berman received the  Ph.D. degree i n  June 1369. A paper  

based on h i s  thesis,  e n t i t l e d  "The in f luence  of resonant  and 

fore ign  gas c o l l i s i o n s  on l i n e  shapes", has been accepted for 

p u b l i c a t i o n  i n  t h e  Physical  Review. 

Future  -__I p lans .  Dr. Berman i s  remaining a t  Yale for a 

pos t -doc tora l  year, and w i l l  cont inue  t o  work on t h e  e f f e c t s  of 

c o l l i s i o n s  on laser operat ion.  I n  p a r t i c u l a r  he i s  i n t e r e s t e d  

i n  t h e  f a c t  that t h e  van d e r  Waals f o r c e s  depend on which of the 

t w o  laser states a and b i s  exc i ted .  Schematfcally t h e  wave 

func t ion  of t h e  laser atom i s  of t he  form 

where ua(r).,  ub(r) are s t a t i o n a r y  state eigenfunct ions of t h e  

atomic e l e c t r o n  f o r  levels a and b, and R denotes  t he  c e n t e r  of  

mass coordinate .  The e lectr ic  dipole moment of t h e  atom depends 

on the  simultaneous presence i n  t h e  wave func t ion  of the  u&) 

and ub ( r )  terms through i n t e g r a l s  l i k e  

The va lue  of t h i s  i n t e g r a l  w i l l  change dur ing  the  s c a t t e r i n g  

process ,  and will probably be reduced i f  t h e  van d e r  Waals 

f o r c e s  are d i f f e r e n t  for  states and and b. It w i l l  be important 

f o r  understanding real is t ic  laser ope ra t ion  t o  l e a r n  how t o  

deal w i t h  t h i s  problem. 
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M. Borenstein 

M. W r e n s t e i n  continued t o  work on p res su re  effects i n  

lasers. H e  i s  cons ider ing  van der Waals c o l l i s i o n s  between 

t h e  laser and t h e  p e r t u r b e r  atoms. 

ested i n  c o r r e l a t i o n  effects between the phase changes and the  

H e  i s  p a r t i c u l a r l y  i n t e r -  

d e f l e c t i o n s  p;-d:IUced i n  t h e  c o l l i s i o n s ,  and i s  developing an 

uni f ied  theo ry  of t he  two phenomena. He has a l s o  found how 

t o  a n a l y t i c a l l y  so lve  the Boltzmann i n t e g r o - d i f f e r e n t i a l  equat ion 

f o r  a more genera l  c o l l i s i o n  ke rne l  than  that  considered by 

Gyorffy, Borenstein and Lanb (Phys. Rev. - 1.69, 340 (1968)). This  

ke rne l  con ta ins  several parameters, and can be made t o  c l o s e l y  

resemble a q u i t e  rea l i s t ic  c o l l i s i o n  kernel .  T h i s  should help 

t o  reduce t h e  amount of numerical computation requi red  t o  deal 

w i t h  t he  equat ions of' the  theory,  

Future  p l ans .  M r .  Borenskein w i l l  cont inue  h i s  work i n  

t h i s  f i e l d ,  and hopes t o  f i n i s h  h i s  thesis dur ing  the  year .  

L, Menegozzi 

Dr. L. Menegozzi has been working on r h g  laser theory.  

The o b j e c t  i s  t o  develop a genera l  d e s c r i p t i o n  of  mode competit ion 

phenomena observed i n  r i n g  lasers. The computer program has been 

p u t  i n t o  opera t ion ,  and is  able t o  determine the  r i n g  laser 

o s c i l l a t i o n  behavior for any selected parameters. 

Future  plans. D r .  Menegozzi i s  c u r r e n t l y  i n  t he  second year  

of' a Fellowship from the  Argentine Nat ional  Research Council. He 
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expects t o  r e t u r n  t o  Argentina dur ing  t h e  next  year. 

h i s  r e t u r n  he w i l l  be engaged i n  w r i t i n g  a journal a r t i c l e  on 

the  above work on r i n g  laser theory,  s u i t a b l e  i l l u s t r a t e d  by 

computer runs f o r  var ious  i n t e r e s t i n g  cases ,  

Before 

M. 0. Scu l ly  

Professor  M, 0. Scu l ly  i s  cont inuing  t o  cooperate  on the  

The paper "Quantum theory  of an quantum theory  of  the  laser. 

o p t i c a l  maser. 111, Theory 09 p h o t o e l e c t r i c  count ing s ta t i s t ics"  

has been published i n  t h e  Physical  Review, vo l .  - 179, 368 (1969). 

A related a r t ic le  "Photoe lec t r ic  e f f e c t  without photons" by Lamb 

and Scu l ly  has been published i n  a Jubilee volume honoring 

Professor  A l f r e d  Kastler, e n t i t l e d  "Polar iza t ion ,  matiere e t  

rayonnement", Presses  U n i v e r s i t a i r e s  d e  France, Paris, 1969. 
Future p lans .  Professor  Scu l ly  w i l l  be on leave from M.I.T. 

dur ing 1969-70 a t  t h e  Univers i ty  of Arizona, Tucson. Despite 

the  d i s t ance ,  it i s  hoped that  some progress  can be made on t h e  

unfinished work of mutual i n t e r e s t .  This w i l l  be contained i n  

papers P a r t s  IV,  V and V I  of the  Quantum theory of an opt ical  

maser series. 

Y. K. Wang 

Y. K. Wang has been cons ider ing  problems of t r a n s i e n t  

behavior i n  the f u l l y  quantum mechanical laser. H e  i s  i n v e s t i g a t i r g  

ways o f  dmling e f f i c i e n t l y  w i t h  t he  many d i f f e r e n t i a l  equat ions 

for  the time development of the d e n s i t y  mat r ix  om. 
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Future plans. See above. 

M. Spencer 

M. Spencer has developed the theory  requi red  t o  treat 

t h e  mode competit ion phenomena when two similar gas lasers are 

coupled toge the r .  It i s  desired t o  l e a r n  t h e  condi t ions  for  

frequency locking.  The problem also has an i n s t r u c t i v e  re- 

l a t i o n s h i p  t o  the  problem ( P a r t  V I )  of Scu l ly  and Lamb, more 

fully described i n  t h e  Semi-Annual S t a t u s  Report f o r  t h e  f i r s t  

half of CY 1967. 

Future p l ans .  The problem of two coupled lasers i s  sur-  

p r i s i n g l y  complicated, much more so than  the  normal case of two 

mode opera t ion  met i n  Fabry-Perot lasers where two l o n g i t u d i n a l  

modes are i n  competit ion.  Spencer w i l l  i n v e s t i g a t e  the  equations 

us ing  a n a l y t i c a l  methods where poss ib l e ,  and computer s o l u t i o n s  

where necessary.  It i s  p o s s i b l e  that  some i n t e r e s t i n g  f e a t u r e s  

bear ing on frequency c o n t r o l  w i l l  emerge from t h e  work. 

A. I c s e v g i  

A. Icsevgi received t h e  Ph.D. degree i n  June 1969. A 

ve r s ion  of h i s  thes i s  "Propagation of l i g h t  pu l se s  i n  a non- 

l i n e a r  laser amplifier" has been accepted f o r  pub l i ca t ion  i n  

t h e  Phys ica l  Review. H e  i s  now extending t h e  work t o  apply t o  

se l f -pufs ing  opera t ion  Zn lasers, both of t h e  Fabry-Perot and 

r i n g  types.  
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Future  p l ans .  One of t he  s t r a n g e  a s t rophys ica l  phenomena 

observed i n  r ecen t  yea r s  i s  the  microwave r a d i a t i o n  from the  free 

r a d i c a l  molecule OH. This r a d i a t i o n  has f o u r  components 1.612, 

1.665, 1.667 and 1.77 x 10 9 cps. It was first observed et the 

Millstone-Haystack antennae of t h e  Lincoln Labora tor ies  of M.I.T. 

A radio region i n  Casseopeia shows a region of' OH emission of 

angular  diameter less than  5' of arc. The emission l i n e  has 

a complicated s t r u c t u r e  suggest ing emission from several small 

regions having d i f f e r e n t  re la t ive  v e l o c i t i e s ,  It i s  estimated 

tha t  the  effective black body temperature for t he  source i s  1000°K 

or more. Howeverg t h e  ind iv idua l  components of t h e  emission l i n e  

are only lo3 cps wide, implying an 1 0 0 ° K  OH temperature. The 

r e a l l y  remarkable aspec t  of the OH emission i s  the  90 - loo$ 
c i r c u l a r  p o l a r i z a t i o n  of t he  var ious  components of t he  microwave 

l i n e .  Some t i m e s  the  p o l a r i z a t i o n  i s  r igh t  handed, and some 

times it i s  l e f t  handed. Strange i n t e n s i t y  ratios are observed, 

and these change w i t h  time. It has been suggested by a number 

of people t h a t  t h e  i n t e n s e  emission may be t h e  r e s u l t  of maser 
0 

a c t i o n  pumped by 3 0 8 0 ~  r a d i a t i o n  by a hot star near  the  OH region. 

The p o l a r i z a t i o n  phenomena observed are similar t o  those  observed 

i n  Zeeman lasers, and can probably be explained as due t o  mode 

competit ion i n  the non-l inear  active medium. 

Such phenomena p resen t  an i n t e r e s t i n g  theoretical problem. 

Presumably laser a c t i o n  i s  involved. The kind of laser simplest 

t o  cons ider  has mir rors .  There are no mirrors i n  the  OH region. 

It seems t o  be worthwhile t o  cons ider  the  problem using t h e  
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techniques Icsevgi has developed for fol lowing the time develop- 

ment of pu l se s  i n  a l a s e r  amplifier. 

which reaches us has started from noise, and has been amplified 

as it passes through an active medium, Icsevgi w i l l  apply h i s  

theory t o  f i n d  out  how no i se  pu l ses  propagate i n  h i s  amplifying 

medium, 

be similar t o  those observed, The medium i s  s t e a d i l y  being 

pumped, but when a favorable  no i se  pulse i s  amplified, t h e  medium 

becomes sa tu ra t ed ,  and has t o  rest f o r  a t i m e  before  it recovera 

the  a b i l i t y  t o  amplify, 

nature of the real problem t o  the one dimensional t heo ry  w i l l  

have t o  be found. This  promises t o  provide a cha l lenging  and 

i n t e r e s t i n g  problem. 

Presumably the  OH r a d i a t i o n  

It may be t h a t  t h e t m p o r a f  v a r i a t i o n  of the s i g n a l  w i l l  

Some way t o  relate the  three dimensional 

S. Stenholm 

Dr. S ,  Stenholm re turned  t o  Finland las t  year, Owing t o  a 

c l e r i c a l  e r r o r  i n  t h e  e d i t o r i a l  offices of  t h e  American I n s t i t u t e  

of Physics t he  pub l i ca t ion  of the ar t ic le  "Semi-classical theory 

of  a high i n t e n s i t y  laser'' i n  the Phys ica l  Review was delayed 

s e v e r a l  months. It has now appeared i n  v o l e  -3 181 P* 618 (1969). 
Future  plans.  D r ,  Stenholm has a manuscript i n  progress 

dea l ing  w i t h  an ex tens ion  of t he  above paper. 


